ABSTRACT Background: Evidence suggests that changes in family income are an important determinant of children's BMI. However, few studies have leveraged longitudinal data to investigate the association of changes in family income on changes in BMI z score. Objective: This study aimed to assess whether gains in family income are associated with changes in BMI z score among children in the United States by using the nationally representative Early Childhood Longitudinal Survey Birth Cohort (ECLS-B). Design: We used longitudinal data from the ECLS-B to assess whether gains in family income, assessed by using the poverty to income ratio (PIR), were associated with changes in BMI z score among children aged 2-6 y. Child anthropometrics and family income were assessed at 2-y, 4-y, 5-y, and 6-y visits. Sex-stratified, individual fixed-effects linear regression models compared children with themselves over time to control for time-invariant measured and unmeasured confounding factors. Models also controlled for time-varying confounders, including number of siblings, household structure (2 parents, one parent, or unrelated guardian), age, and age squared. Results: Children (n = w9200) had a mean 6 SE change in BMI z score of 0.12 6 0.022, and family income increased by w$3361 6 $536 during the 4-y period of observation (2003)(2004)(2005)(2006)(2007). The association between increased PIR and change in BMI z score varied by sex but not by race-ethnicity. Among girls, an increase in PIR was associated with a statistically significant decrease in BMI z score (b PIR = 20.022; 95% CI: 20.042, 20.0016). There was a statistically significant association between PIR and BMI z score among preterm boys (b PIR + b PIRXpreterm = 20.067; 95% CI: 20.12, 20.018), but the relation was not statistically significant among boys born at term (b PIR = 20.0049; 95% CI: 20.024, 0.014). Conclusions: By comparing children with themselves over time, we overcome many barriers that typically impede causal inference in observational studies. In this way, our study provides stronger evidence that gains in income during early childhood may promote healthy weight outcomes among girls.
INTRODUCTION
Children with relatively low family income (,100% of the federal poverty threshold) in the United States are disproportionately burdened by overweight and obesity compared with those with relatively higher family income ($400% of the federal poverty threshold) (1) . Furthermore, obesity prevalence continues to increase among this vulnerable segment of the population (2) . Living in or near poverty during childhood can have deleterious consequences for health and weight status, both among children beginning life in and remaining in poverty, as well as those moving into poverty (3) (4) (5) (6) (7) (8) (9) .
Evidence suggests that economic conditions are dynamic (3) (4) (5) (10) (11) (12) (13) . However, few studies have leveraged longitudinal data to investigate the association of changes in family income, often indicated by the poverty to income ratio (PIR), 5 on changes in BMI during childhood (7, 10, 11, 14) . Specifically, existing longitudinal studies have examined income dynamics during childhood and their association with BMI or weight status during adolescence (7, 10, 11, 14) . Demment and colleagues (11) employed longitudinal measures of PIR and BMI and reported that children whose families became low income (defined as #185% of the poverty threshold) during childhood have a significantly greater odds of being obese by adolescence than children who were never low income. Similarly, Kendzor and colleagues (10) suggest that low-income children (defined as PIR #2) have a significantly greater BMI percentile by age 15 y. In addition, children who are persistently poor during early childhood have significantly greater odds of being overweight or obese at age 8, 10, and 12 y compared with their nonpoor counterparts (7) .
Although earlier research has begun to provide insights about the economic contexts that are associated with the risk of overweight among children and adolescents, questions remain about the causal role of financial resources on children's BMI because few studies have evaluated this relation. The current analysis sought to assess whether gains in family income were associated with changes in BMI z score among children aged 2-6 y by using the nationally representative Early Childhood Longitudinal Survey Birth Cohort (ECLS-B). Following the same children over time, we test the hypothesis that gains in family income will result in decreases in children's BMI z score. This study aims to overcome many barriers that typically impede causal inference in observational studies and provides new insights into the epidemiology of overweight and obesity during early childhood to inform future policy and intervention strategies.
METHODS

Study population
We used longitudinal data from the nationally representative ECLS-B cohort to assess whether gains in family income were associated with changes in BMI z score among children aged 2-6 y. The ECLS-B was designed to measure early childhood development and strategically oversampled children born with low birth weight and very low birth weight and twins, as well as American Indian/Alaskan Native (AI/AN) and Chinese children (15) . ECLS-B fieldworkers first visited children and their families when they were w9 mo old (during 2000-2001). Follow-up visits were conducted when children were aged w2 y The original sample included w10,700 children (this and subsequent unweighted sample sizes are rounded to the nearest 50 to comply with restricted-use data reporting guidelines). Our sample was restricted to observations from children after they turned 24 mo old so that we could calculate their age-and sexspecific BMI z scores by using the CDC/National Center for Health Statistics growth charts (which begin at 24 mo of age). Two-year follow-up visits were conducted among 9850 children. Of these, our analyses included w9200 children [missing height, n = w500; missing weight, n = w50; implausible BMI z score, n = w0 (rounds down to zero)]. Throughout the period of observation, children could have up to 4 measurements (4 measurements, n = w550; 3 measurements, n = w4000; 2 measurements, n = w3150; 1 measurement, n = w1550) and had a mean of 2.4 measurements each. To retain as many observations as possible, we used the survey weights provided with the ECLS-B data from the 2-y data collection. These survey weights account for the unequal probability of selection and for nonresponse at the 2-y wave.
Ethics
Before data collection, written consent was obtained from parent participants in the original data collection for the ECLS-B. The National Center for Education Statistics approved our use of the deidentified and anonymized restricted-use data set for the current analysis. The Johns Hopkins Institutional Review Board deemed that this analysis of deidentified secondary data involved non-human subjects research.
Outcome variable
Earlier research has established BMI (defined as weight divided by height squared) as an appropriate indicator of adiposity among children and is currently the preferred measure to determine overweight and obesity among children across different settings (16, 17) . Children's height and weight were measured by trained ECLS-B research staff. In these analyses, BMI z score was defined based on to the 2000 CDC/National Center for Health Statistics growth charts, which detail BMI-for-age charts for boys and girls, ages 2-20 y. BMI z scores ,25 or .5 were deemed implausible and excluded from the analysis [n = w0 (rounds down to zero)]. In sensitivity analyses, we assessed risk of overweight/obesity, defined as having a BMI $85th percentile of age-and sex-specific reference values.
Primary independent variables
PIR served as our primary independent variable and was defined as total family income relative to the annual federal poverty guideline, given the size of the family (18) . PIR captures change in purchasing power as a result of changes in family income relative to needs, as indicated by household size and composition, and accounts for inflation during the study period. To check whether it was reasonable to model PIR as a continuous variable, we ran the model with quintiles of PIR as indicator variables and assessed whether the coefficients increased in an approximately linear fashion (results not shown).
Effect measure modifiers and confounders
On the basis of previous literature, we hypothesized that the relation between PIR and BMI might be different by sex (19) (20) (21) (22) . We therefore began with sex-stratified models, and within these models, before pooling over strata, we tested whether there was heterogeneity in the association between income and BMI by race-ethnicity (AI/AN, black or African American, Hispanic or Latino, Asian, or white), baseline poverty status (either ,130% or $130% of the poverty threshold), preterm (either ,37 or $37 wk of gestation), and very-low-birth-weight status (birth weight #1.5 or .1.5 kg). Interactions by preterm status and income and very low birth weight and income were included because children born with this status are suspected to grow differently than term or normal-weight children, and we thought that this relation may also vary by income.
Factors that were time varying and that we hypothesized might affect both child BMI and income available were considered confounders, including child age (continuous, in months), number of siblings (ordered categorical), and household structure (2 parents, one parent, or guardian).
Statistical analysis
Regression models were stratified by sex because socioeconomic status (SES)-body weight relationships have been found to differ by sex in previous studies (19) (20) (21) (22) . In addition, within sex-stratified models, we tested for heterogeneity in the PIR-BMI relation by preterm birth or very low birth weight, by baseline poverty status, and by race-ethnicity. Each interaction was tested against the model with all interactions included and was retained in the model if statistically significant at the 0.10 level. Among girls, none of the interactions were statistically significant, and they were therefore removed from the model. Among boys, the interaction between PIR and preterm status was statistically significant and therefore was retained in the model.
We used child fixed-effects linear regression models with standard errors clustered at the primary sampling unit level. Fixed-effects models compare each child with himself or herself over time (similar to a pre/post comparison) and, in doing so, control for all baseline time-invariant measured and unmeasured confounding factors (23) . These models require that the exposure and outcome change for at least some of the sample and are based entirely on within-unit estimation; they do not produce estimates for any factors that do not change over time (i.e., race-ethnicity, sex), although these factors are controlled for. All models included time-varying covariates: number of siblings, household structure, age, and age squared. Statistical analyses were performed in Stata 13.1 (StataCorp LP). The a was set to 0.05 for main effects and to 0.10 for interactions.
Sensitivity analyses
We examined whether our results would have changed when 1) we used 2006 WHO z scores as our primary outcome rather than the CDC/National Center for Health Statistics growth reference, 2) we used random-effects regression models instead of fixedeffects models, and 3) we modeled overweight/obesity ($85th percentile of age-and sex-specific reference based on CDC percentiles) as the outcome variable. In addition, we compared the demographic characteristics of children with complete data to those with fewer measurements during the study period. Table 1 displays key demographic, household, and economic characteristics of the sample. The mean 6 SE age of the children included in the analysis was 4.3 6 0.013 y. Children had a mean 6 SE BMI z score of 0.63 6 0.015. Most of the sample was was white (54%), was male (51%), and came from a 2-parent household (77%). Although w30% of the sample earned .$75,000/y, 41% reported income of #$35,000. During the study period, the median income (adjusted to 2010 US dollars using the consumer price index, henceforth "real income") increased by a mean 6 SE of $4385 6 $1213 (data not shown). Similarly, we observed changes in mean real income, PIR, and BMI z score by race-ethnicity category and sex ( Table 2) . Mean 6 SE real income increased by w$3361 6 $536 during the study period. The change in real income varied by race-ethnicity, whereby AIs/ANs saw the largest increase (w$7600), whereas the change in income among black or African American families was considerably lower (w$1900). PIR also increased by 0.072 during the study period. The greatest increase in PIR was observed among AIs/ANs (+0.35), followed by Asians (+0.15) and Hispanics or Latinos (+0.09). Mean increases in PIR were similar by sex (males: +0.088; females: +0.070). Children experienced a mean 6 SE change in BMI z score of +0.12 6 0.022. The greatest increase in BMI z score was observed among AI/AN children (+0.22).
RESULTS
Within sex-specific regression models, the association between gains in PIR and change in BMI z score did not vary by 1 Values are means 6 SEs. Data are missing for race-ethnicity (n = w50) and maternal education (n = w100). Frequencies and mean estimates are accompanied by Taylor series linearized SEs and are based on sample weighted data. PIR, poverty to income ratio.
2 A 5-category race-ethnicity variable (American Indian/Alaska Native, black or African American, Hispanic or Latino, Asian, or white) was created from the mother's report of child's race-ethnicity, which originally included 25 race/ethnic categories. We assigned a single race/ethnic category for children reporting more than one race by using an ordered, stepwise approach. 3 PIR is defined as family income divided by poverty status as defined by the federal poverty guidelines before the year of assessment (i.e., [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] . Guidelines are established for the 48 contiguous states and the District of Columbia. We used the state-specific guidelines published for Alaska and Hawaii, respectively. This guideline is set at 3 times the cost of a minimum food diet in 1963, updated annually for inflation by using the consumer price index, and adjusted for family size.
race-ethnicity (P-interaction among boys = 0.50; P-interaction among girls = 0.70), baseline poverty (P-interaction among boys = 0.33; P-interaction among girls = 0.12), and very low birth weight (P-interaction among boys = 0.89; P-interaction among girls = 0.59). Among girls, the association between PIR and BMI z score did not vary by preterm status (P = 0.90).
An increase in PIR was associated with a statistically significant decrease in BMI z score among girls (b PIR = 20.022; 95% CI: 20.042, 20.0016) ( Table 3 and Supplemental Table  1 ). There was a statistically significant association between PIR and BMI z score among preterm boys (b PIR + b PIRXpreterm = 20.067; 95% CI: 20.12, 20.018), but the relation was not statistically significant among boys born at term (b PIR = 20.0049; 95% CI: 20.024, 0.014).
Sensitivity analyses
The direction and statistical significance of the association between gains in PIR and BMI z score were substantively similar when using random-effects regression models instead of fixedeffects models and when using the 2006 WHO growth standard among boys. The inverse relation among girls was not statistically significant (P = 0.11) when using WHO z scores as our primary outcome. An additional sensitivity analysis included using overweight/obesity as the outcome. The associations between PIR and overweight/obesity among preterm boys, term boys, and girls were not statistically significant.
DISCUSSION
This is the first study that we are aware of that presents the association between gains in family income and changes in BMI z score across the body weight and income spectrums during early to mid-childhood, using nationally representative data. Our findings suggest that gains in PIR are associated with lower BMI z score among girls. Notably, among households comprising 4 people, the dollar amount that is equivalent to a +0.072 unit change in PIR (the mean increase during the study period) between 2003 and 2005 is $3493, which represents a 0.0016 decrease (20.022 3 0.072) in BMI z score. Furthermore, this association did not vary by family baseline poverty status, 2 Adjusted to 2010 US dollars by using the CPI. The ratio of all urban consumers' CPI between years is used to adjust for inflation because it is a measure of the mean change over time in the prices paid by urban consumers for a market basket of consumer goods and services. 3 PIR is defined as family income divided by poverty status as defined by the federal poverty guidelines before the year of assessment (i.e., [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] . Guidelines are established for the 48 contiguous states and the District of Columbia. We used the state-specific guidelines published for Alaska and Hawaii, respectively. This guideline is set at 3 times the cost of a minimum food diet in 1963, updated annually for inflation by using the CPI, and adjusted for family size. 4 A 5-category race-ethnicity variable (American Indian/Alaska Native, black or African American, Hispanic or Latino, Asian, or white) was created from the mother's report of child's race-ethnicity, which originally included 25 race/ethnic categories. We assigned a single race/ethnic category for children reporting more than one race by using an ordered, stepwise approach.
TABLE 3
Individual fixed-effects linear regression for the relation between PIR ratio and BMI z score by sex 1 Values are bs (95% CIs), adjusted for number of siblings, household structure, age, age squared, and individual fixed effects. Coefficients using individual fixed-effects linear regression models are based on sample weighted data. Coefficients for the covariates are presented in Supplemental Table 1 . *P , 0.05. PIR, poverty to income ratio. 2 Coefficients represent the change in BMI z score per 1-unit increase in PIR. PIR is defined as family income divided by poverty status as defined by the federal poverty guidelines before the year of assessment (i.e., [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] . Guidelines are established for the 48 contiguous states and the District of Columbia. We used the state-specific guidelines published for Alaska and Hawaii, respectively. This guideline is set at 3 times the cost of a minimum food diet in 1963, updated annually for inflation by using the consumer price index, and adjusted for family size. 3 We tested for heterogeneity in the PIR-BMI relation by preterm status, very low birth weight, baseline poverty status, and race-ethnicity. Interactions were retained in the model only if statistically significant at the 0.10 level. The association of PIR with BMI z score among preterm boys was b PIR + b PIRXpreterm = 20.067 (95% CI: 20.12, 20.018).
indicating that gains in income are associated with lower BMI z scores among girls across the income spectrum.
Consistent with previous findings (24) (25) (26) , our analysis documents that increased economic resources are associated with decreased BMI among children. We extend previous findings by using each child as his or her own control in fixed-effects models, thereby controlling for many of the potential unobserved confounding factors that are unaccounted for in previous studies. Increased PIR might be expected to decrease BMI through several mechanisms. Increased PIR can render healthful foods more affordable, leading to consumption of a healthier diet (27, 28) . In particular, the odds of consuming whole grains, lean proteins, low-fat dairy products, and fruit and vegetables have been found to be significantly greater among higher SES groups (27) . Increased PIR may also result in increased physical activity. In a nationally representative sample among adolescents, Gordon-Larsen and colleagues (29) suggested that high family income was associated with increased moderate to vigorous physical activity. Improved access to health care may be an additional mechanism by which gains in income result in changes in BMI z score among children; identifying children as overweight or obese during well child visits in the clinical setting is significantly associated with receiving counseling from a provider on diet, increasing physical activity, and limiting television viewing (30, 31) . In particular, primary care-based intervention strategies have been associated with decreased BMI among girls (32). Finally, community-level determinants may play a role in the association between PIR and BMI z score because living in an impoverished neighborhood has been associated with an increased rate of change in BMI percentile between childhood and early adolescence, relative to living in a nonimpoverished neighborhood (14) . Increased income has been associated with an improved food environment (33) (34) (35) , which may translate into increased availability of healthful foods and more healthful diets among individuals residing in that neighborhood (36, 37) . Increased economic resources have also been associated with improved access to places for physical activity (38) .
Similar to our findings, previous studies report that SES-body weight relationships differ by sex (19, 20, 22) . For example, Wang and Zhang (19) explore the PIR-body weight relation among children aged 2-18 y and report that an inverse association existed only in girls. These studies and others suggest that a number of obesity risk factors operate differently by sex and offer some insights as to why income gains may result in decreases in BMI z score for girls but not boys. Specifically, studies show that calorie intake (37, (39) (40) (41) , the intake of nutrient-dense foods (41) , and participation in physical activity (40, 42, 43) differ between boys and girls. Pate and colleagues (43) reported that preschool-aged boys are significantly more physically active than girls. Despite being more active, boys consume diets higher in fat and have a decreased odds of meeting the recommended daily servings of vegetables and fruit compared with girls (40) . Furthermore, a review of interventions and programs for childhood overweight/obesity prevention (44) suggests that education-based and combination diet-and physical activity-based intervention programs are associated with decreased mean BMI (45, 46) and prevalence of obesity (47) among girls. These interventions did not effectively reduce BMI or obesity prevalence among boys.
Parental influences have also been reported to vary by sex, with greater parental control being linked to increased adiposity in girls but not boys (48) . In addition, girls and boys differentially participate in family meals based on parenting styles (49) . In a sample of 5-y-old girls, data suggest that girls' fruit and vegetable intake is positively related to their parents' reported fruit and vegetable intake (50) . In this sample, parents who consumed fewer fruits and vegetables tended to report greater pressure in child feeding and had daughters who consumed fewer fruits and vegetables. There is also evidence that parents are less inclined to encourage boys to lose weight, perhaps because a larger body shape among males is perceived as ideal (51) . Taken together, these studies indicate that parents and children respond differently to various exposures by child sex. It therefore is plausible that if family diet, physical activity, neighborhood environment, or health priorities change as a result of increased income, these changes could be more likely to result in behavioral changes for girls than for boys.
In addition to being negatively associated with gains in BMI z score among girls (both term and preterm), PIR was negatively associated with BMI z score among preterm boys in this sample. Similar to our findings, Klebanov and colleagues (52) document an early-life association between PIR and BMI among children with adverse birth outcomes; in a sample of low-birth-weight infants, children from poor families (PIR ,1) had higher BMIs than did children from nonpoor families (PIR $1) by age 2 y. The authors do not test for sex differences, so it is not clear whether the relation between poverty and higher BMI among children with low birth weight differed between boys and girls in this sample. In the United States, preterm birth is more frequent among low-SES populations (53) , and some evidence suggests that preterm, low-birth-weight infants are at risk for overweight/ obesity during childhood as a result of accelerated growth during early life (54) . Our results suggest that gains in income during early childhood may mitigate some of the risk between preterm birth and childhood overweight/obesity.
Limitations of this study warrant consideration. Although family income is considered an optimal indicator of SES for health research (55) , it fails to incorporate other relevant aspects of financial well-being, including housing or asset value, and is limited by the categories in the ECLS-B questionnaire. In addition, BMI is not a direct measure of adiposity. However, BMIfor-age has been shown to have a moderately high (70-80%) sensitivity and positive predictive value and a high specificity (95%) in identifying children with excess body fat (16) . An additional limitation of this longitudinal study design involves those participants lost to follow-up, introducing the possibility that those who remain in the sample are different from those who were lost. Supplemental Table 2 details the demographic characteristics of children by number of measurements. The small sample size with 4 measurements is due to the ECLS-B sample design rather than attrition, whereby only children who did not enter kindergarten in 2006 were revisited in 2007. To examine the impacts of attrition on the sample composition, the more relevant comparison is to consider those with 3 measurements, compared with only one, and here we see no significant differences in baseline BMI z score or income, although age is significantly lower among those with 3 compared with 1 measurement. The fact that key characteristics such as income are not different for those lost to follow-up helps assuage doubt that FAMILY INCOME GAINS AND CHILD BMI z SCORE those lost to follow-up are different on unobserved characteristics that would also influence the PIR-BMI relation. We also have a relatively high retention with at least one observation from 87% of the original sample. In addition, the survey weights used adjust for unequal probability of selection and for nonresponse by up-weighting the persons in the remaining sample at the 2-y survey who most closely resemble those who were lost to follow-up. Finally, because income was queried in categories, gains in income were not detectable unless a family changed a whole income category. However, 79% of the sample (n = w7300) changed income categories between the second and fourth measurements.
Through use of longitudinal data from the nationally representative ECLS-B, our findings indicate that gains in family income are associated with a statistically significant decrease in BMI z scores among girls aged 2-6 y. Among term boys, changes in PIR were not significantly related to BMI z score during this time period. Importantly, these findings counter the trend observed among our overall sample whereby mean BMI z score increased among children from 2003 to 2008. Therefore, if policies were designed to increase PIR among families in the United States, this could contribute to a small reduction in BMI among girls. Furthermore, by comparing children with themselves over time, we overcome many barriers that typically impede causal inference from observational studies. Our study supports the growing body of evidence that early-life risk factors are associated with future body weight in children and provides stronger evidence that gains in income during early childhood may promote healthy weight outcomes among girls. Future studies should explore the sex-specific pathways by which changes in income affect BMI z score to inform future policy and intervention strategies.
